ABSTRACT
In early studies of the carotenoid pigments of Euglena, phytoene, the presumed precursor of the C.0 carotenoids, was not reported from any wild type or mutant species (6, 7, 12) . These results led to the suspicion that in Euglena, phytoene might have been bypassed until it was recently reported that there is evidence for the presence of phytoene in mutant strains SM-Li, PBZ-G3, and HB-G of E. gracilis var. bacillaris (10) which are known to synthesize an altered pattern of unsaturated carotenoids (6) . However, the same study demonstrated that phytoene is absent from mutant PBZ-G4 and from Astasia longa, in neither of which could any C. compounds be identified (10) . Kivic and Vesk (I1) have shown that those mutants which synthesized carotenoids contained plastids, albeit immature ones, whereas those which failed to synthesize carotenoids and Astasia are aplastidic. The implication is that carotenoid synthesis in the flagellate is solely intraplastidic or at least depends upon the presence of a plastid system.
The similarity of the carotenoid patterns of the bacillaris and Z strains of E. gracilis (12) suggested that a re-examination of the pigments of the Z strain and some of its mutants might prove fruitful in determining the ubiquity of 'Present Address: Hoffmann-La Roche, Inc., Belvidere, N.J. since several of these mutants have also been studied for the presence of plastids by Kivic and Vesk (11) . Therefore, we selected for experimentation the photosynthetic wild type E. gracilis Z and the nonphotosynthetic mutants PR-1, -2, and -3 (8) and PR-4, all of which were derived from the wild type after being subjected to high hydrostatic pressure. The carotenes of these organisms were isolated chromatographically and identified from RF values (2), co-chromatography with authentic samples, absorption spectra (3), and mass spectra (13, 14) . MATERIALS Pigment Extraction. Cells were harvested by centrifugation with the aid of a Sorvall KSB continuous flow apparatus at 17000g and a flow rate of 500 to 600 ml/min. Pellets were washed once in cold-distilled H20 and extracted with acetone according to Gross and Stroz (10) . Each extract was transferred to diethyl ether, evaporated, and the residue was saponified by the standard procedure (2) . The The bands eluted from TLC were assayed in the Unicam SP-800 spectrophotometer and were subsequently analyzed in an AEI, MS-12, mass spectrometer at 70 and 12 ev, respectively, using a direct insertion probe and a source temperature of 200 C. The mass spectrometer is capable of identifying amounts of carotenoids of the order of less than 1 X 10-9 g.
RESULTS
The absorption spectra of the initial acetone extracts from all the mutants studied had characteristic peaks at 272, 282, and 293 nm, closely resembling but not identical to the absorption maxima of phytoene. It was confirmed by elution of the band remaining at the origin after silica gel TLC and petroleum ether as the developing solvent, and by co-chromatography with authentic ergosterol (Calbiochem), that the observed peaks were caused by large amounts of ergosterol which tended to mask the phytoene spectrum in agreement with previous results (10) .
From the absorption spectra of the hydrocarbon fractions, however, it was clear that three of the mutants, PR-1, -2, and -3 each contained phytoene (A max at 275, 285, 296 nm) as did the dark-grown Z strain. No phytoene was detected in PR-4 or in the light-grown, photosynthetically active Z strain, although the latter contained large amounts of /3-carotene. Fur- ther chromatography of the hydrocarbon fractions of each mutant and the dark-grown extract allowed phytoene, phytofluene, c-carotene, /3-carotene, and /3-zeacarotene to be isolated. Each compound was identified by comparison of its absorption and mass spectra and chromatographic behavior with those of authentic samples.
Thus, phytoene had Amax (petroleum ether) at 275, 285, (3, 13) and ME at m/e 540 (72%, C,0H,H) with a major fragment ion at mle 403 (12%, M-137; metastable at nm/e 301, 4032/540 = 300.8) reflecting cleavage of the bisallylic bonds at C-7, 8 and C-7', 8' adjacent to the main chromophore (13, 14) . This Photostimulation of carotenogenesis has been reported in both photosynthetic and nonphotosynthetic organisms including Euglena (1, 5, 7, 9) . The results presented in Table I support these reports. In addition, the present data demonstrate that there is also an illumination-dependent increase in phytoene.
